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Introduction
In 2006, the U.S. Geological Survey (USGS) entered into a cooperative study to estimate the effects of Iron Gate Dam discharge on survival on juvenile coho salmon (Oncorhynchus kisutch) in the lower Klamath River, northern California. The purpose of the study was to provide information about the relation between survival of juvenile coho salmon and river (Beeman, , 2008 . The design and methods of the studies were similar in each year, and are briefly described below.
The study design was based on a need to estimate apparent survival probabilities of juvenile coho salmon in the Klamath River downstream from Iron Gate Dam using pairedrelease and single-release methods (Burnham and others, 1987) ; both are based on Cormack-Jolly-Seber capture-markrecapture models (Cormack, 1964; Jolly, 1965; Seber, 1965) . Apparent survival is the probability that an animal remains available for recapture. In the context of this study, it is the joint probability that the animal is both alive and migrates through the study area. As such, fish that stop migrating within the study area, travel to areas outside the mainstem Klamath River and do not return, or those that remain within the study area after the radio tags deplete their battery and cease transmitting are counted as mortalities. All references to 'survival' in this document refer to apparent survival. Survival was estimated through all but the last of eight river reaches delineated by telemetry receiving equipment ( fig. 1) . Survival is not estimable in the last reach because only the joint probability of survival and recapture is known in the last reach in Cormack-Jolly-Seber models.
Summary of Survival Data from Juvenile Coho Salmon in the Klamath River, Northern California, 2008
By John W. Beeman, Steven Juhnke, and Hal C. Hansel
In 2008, we surgically implanted radio tags into juvenile coho salmon of hatchery origin from two sources. Most fish (n = 221 fish) were taken directly from a tank at the hatchery, but an additional group (n = 28 fish) were taken from the catch of a rotary trap located at rkm 293 operated by the U.S. Fish and Wildlife Service. The intent of the latter group was to determine if the migration behavior or survival of hatchery fish actively migrating downstream would be different from those taken directly from the hatchery. The basis of this question was the difference in migratory behaviors of hatchery-origin and wild-origin fish observed in 2006 (Beeman and others, 2007) . The radio tags weighed 0.43 grams in air and had dimensions of 13.5 mm length, 5.3 mm width, and 3.3 mm height and had a 16 cm long trailing antenna. All fish were released into the Klamath River near the hatchery (rkm 309) during several dates each week beginning on April 17, 2008, and ending on May 23, 2008 . No fish were released downstream as in previous years due to differences in migratory behaviors and survivals of those released near the hatchery and those released near the Tree of Heaven campground (rkm 288) in 2007 (Beeman and others, 2008) . Data were finalized several months after the last fish was released; the last fish detection was on June 24, 2008, but the tested radio transmitters lasted up to 91 days. 
Survival of Juvenile Coho Salmon through River Reaches
Survival through each reach and over multiple reaches was estimated using the single-release design. The modeling approach was similar to that used in previous years. A series of a-priori models was created and ordered in terms of parsimony using program MARK (White and Burnham, 1999) . The analysis included a suite of models describing recapture and survival probabilities of fish from the two groups in each of the common reaches. The models were ranked using a variant of Akaike's Information Criterion that accounts for small sample sizes (AICc) to determine which models were best supported by the data. The general methods are described in Burnham and Anderson (2002) . An assessment of the presence of overdispersion was not applied to the data, because recapture probabilities were near 1.0 and thus, overdispersion could not be estimated and was believed to be minimal.
Estimates of survival were calculated after choosing the most parsimonious models for recapture and survival probabilities. All models of survival were based on a model of recapture probabilities varying by reach, which was supported by the data about twice as much as a model with Table 1 . Model summary from analysis of apparent survival (Phi) and recapture probabilities (P) to estimate reach survivals of hatchery-origin juvenile coho salmon in study reaches of the Klamath River during spring 2008. additive effects of reach and group. The choice of either model of recapture probability was unimportant in terms of the estimates of survival or their variability, so the simpler model was used. The main difference between the models of recapture probabilities was caused by missing one of eight fish from the river trap group in one reach. Recapture probabilities ranged from 0.943 (SE 0.0.23) to 1.000 with an average of 0.988. A-priori models of survival included in the model set included the factors of group (hatchery tank or river trap) and river reach alone and in various combinations. Models 1 and 2 received 94.6 percent of the total AICc weight, indicating that the other models of survival were not supported by the data (table 1) . Both models allowed survivals to vary among reaches and model 1 also allowed survivals to vary between groups. The similarity in the AICc weights of the two models indicate ambiguity in the importance of the group variable, which may have been affected by the small sample size of the river trap group. The survivals were therefore estimated after averaging all models in the set because there was no single model clearly superior to all others. In this procedure, the coefficients for each effect in each model are averaged across all models after weighting by the AICc weights (Burnham and Anderson, 2002) . Table 2 . Estimated apparent survivals and confidence intervals of radio-tagged juvenile coho salmon of hatchery origin in study reaches of the Klamath River during spring 2008.
[Results are based on data from 221 fish from a tank at Iron Gate Hatchery and 28 fish taken from a rotary trap at Klamath River kilometer 293. All fish were released in the Klamath River near the hatchery between April 17 and May 23, 2008. Results are based on model-averaging the models in table 1. Data over multiple reaches were calculated as the product of the reach estimates with variances estimated using the delta method (Seber, 1982 The model-averaged results indicate that the survivals were similar between groups, but varied among reaches. Survival estimates of the river trap group were consistently, albeit slightly, lower than those of the hatchery tank group (table 2) . This is consistent with the similarity in AICc weights of models 1 and 2, and indicates ambiguity in the support for differences between the groups based on the data and models. Survival probabilities through the various reaches were lowest in the Shasta River-to-Scott River reach and highest in the Salmon River-to-Trinity River reach. The trends in survivals among the reaches were similar between groups and were similar to those from the previous years of study in all but one area (Beeman, , 2008 (Beeman, , 2008 .
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